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2.1.3.1 Coordinate Transformation 
11
x x a x a y a z
y y a x a y a z
z z a x a y a z
xx x
y y m R y
z zz
12















X, Y, Z xy
XX x














2.1.3.3 Collinearity Equations 
x y
x y
x x x X Xr r r
y y y r r r Y Y
m
r r rz Z Z
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r X X r Y Y r Z Zx x z x
r X X r Y Y r Z Z
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3.3.6.2 Measurement Results 
n
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4.2.1.1 Uncertainty of the Rotation Stage Reading 
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2.772 2.822 2.860 2.886 2.899 2.899 2.886 2.860 2.822 2.772
2.800 2.851 2.890 2.917 2.931 2.931 2.917 2.890 2.851 2.800
2.822 2.874 2.914 2.942 2.956 2.956 2.942 2.914 2.874 2.822
2.838 2.891 2.932 2.960 2.975 2.975 2.960 2.932 2.891 2.838
2.848 2.901 2.943 2.971 2.986 2.986 2.971 2.943 2.901 2.848
2.851 2.905 2.946 2.975 2.990 2.990 2.975 2.946 2.905 2.851
2.848 2.901 2.943 2.971 2.986 2.986 2.971 2.943 2.901 2.848
2.838 2.891 2.932 2.960 2.975 2.975 2.960 2.932 2.891 2.838
2.822 2.874 2.914 2.942 2.956 2.956 2.942 2.914 2.874 2.822
2.800 2.851 2.890 2.917 2.931 2.931 2.917 2.890 2.851 2.800
2.772 2.822 2.860 2.886 2.899 2.899 2.886 2.860 2.822 2.772
186
2.772 2.800 2.822 2.838 2.848 2.851 2.848 2.838 2.822 2.800 2.772
2.822 2.851 2.874 2.891 2.901 2.905 2.901 2.891 2.874 2.851 2.822
2.860 2.890 2.914 2.932 2.943 2.946 2.943 2.932 2.914 2.890 2.860
2.886 2.917 2.942 2.960 2.971 2.975 2.971 2.960 2.942 2.917 2.886
2.899 2.931 2.956 2.975 2.986 2.990 2.986 2.975 2.956 2.931 2.899
2.899 2.931 2.956 2.975 2.986 2.990 2.986 2.975 2.956 2.931 2.899
2.886 2.917 2.942 2.960 2.971 2.975 2.971 2.960 2.942 2.917 2.886
2.860 2.890 2.914 2.932 2.943 2.946 2.943 2.932 2.914 2.890 2.860
2.822 2.851 2.874 2.891 2.901 2.905 2.901 2.891 2.874 2.851 2.822
2.772 2.800 2.822 2.838 2.848 2.851 2.848 2.838 2.822 2.800 2.772
187
3.851 3.922 3.983 4.031 4.066 4.087 4.093 4.085 4.063 4.028
3.922 3.992 4.050 4.095 4.126 4.143 4.145 4.131 4.104 4.063
3.983 4.050 4.105 4.146 4.173 4.186 4.182 4.164 4.131 4.085
4.031 4.095 4.146 4.184 4.206 4.214 4.206 4.182 4.145 4.093
4.066 4.126 4.173 4.206 4.224 4.227 4.214 4.186 4.143 4.087
4.087 4.143 4.186 4.214 4.227 4.224 4.206 4.173 4.126 4.066
4.093 4.145 4.182 4.206 4.214 4.206 4.184 4.146 4.095 4.031
4.085 4.131 4.164 4.182 4.186 4.173 4.146 4.105 4.050 3.983
4.063 4.104 4.131 4.145 4.143 4.126 4.095 4.050 3.992 3.922
4.028 4.063 4.085 4.093 4.087 4.066 4.031 3.983 3.922 3.851
188
4.028 4.063 4.085 4.093 4.087 4.066 4.031 3.983 3.922 3.851
4.063 4.104 4.131 4.145 4.143 4.126 4.095 4.050 3.992 3.922
4.085 4.131 4.164 4.182 4.186 4.173 4.146 4.105 4.050 3.983
4.093 4.145 4.182 4.206 4.214 4.206 4.184 4.146 4.095 4.031
4.087 4.143 4.186 4.214 4.227 4.224 4.206 4.173 4.126 4.066
4.066 4.126 4.173 4.206 4.224 4.227 4.214 4.186 4.143 4.087
4.031 4.095 4.146 4.184 4.206 4.214 4.206 4.182 4.145 4.093
3.983 4.050 4.105 4.146 4.173 4.186 4.182 4.164 4.131 4.085
3.922 3.992 4.050 4.095 4.126 4.143 4.145 4.131 4.104 4.063









2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
197
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900
198
4.207 4.184 4.160 4.137 4.113 4.090 4.066 4.042 4.018 3.994
4.184 4.166 4.147 4.129 4.111 4.092 4.074 4.055 4.037 4.018
4.160 4.147 4.134 4.121 4.108 4.095 4.082 4.069 4.055 4.042
4.137 4.129 4.121 4.113 4.106 4.098 4.090 4.082 4.074 4.066
4.113 4.111 4.108 4.106 4.103 4.100 4.098 4.095 4.092 4.090
4.090 4.092 4.095 4.098 4.100 4.103 4.106 4.108 4.111 4.113
4.066 4.074 4.082 4.090 4.098 4.106 4.113 4.121 4.129 4.137
4.042 4.055 4.069 4.082 4.095 4.108 4.121 4.134 4.147 4.160
4.018 4.037 4.055 4.074 4.092 4.111 4.129 4.147 4.166 4.184
3.994 4.018 4.042 4.066 4.090 4.113 4.137 4.160 4.184 4.207
199
3.994 4.018 4.042 4.066 4.090 4.113 4.137 4.160 4.184 4.207
4.018 4.037 4.055 4.074 4.092 4.111 4.129 4.147 4.166 4.184
4.042 4.055 4.069 4.082 4.095 4.108 4.121 4.134 4.147 4.160
4.066 4.074 4.082 4.090 4.098 4.106 4.113 4.121 4.129 4.137
4.090 4.092 4.095 4.098 4.100 4.103 4.106 4.108 4.111 4.113
4.113 4.111 4.108 4.106 4.103 4.100 4.098 4.095 4.092 4.090
4.137 4.129 4.121 4.113 4.106 4.098 4.090 4.082 4.074 4.066
4.160 4.147 4.134 4.121 4.108 4.095 4.082 4.069 4.055 4.042
4.184 4.166 4.147 4.129 4.111 4.092 4.074 4.055 4.037 4.018
4.207 4.184 4.160 4.137 4.113 4.090 4.066 4.042 4.018 3.994
200
201
202
203
204
205
